UNCLASSIFIED

\» 758 803

Reproduced
by the
ARMED SERVICZS TECHNICAL INFORMATION AGENCY

ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED

Best Available Copy



ROTICB: men goverrment or cother drawvings, speci-
ficstiore or other date =2re used for any purpose
other tbsn in conmecticn witk s definitely related
governzent procurement operation, tke U. S.
Covecnment thereby incurs no responsibiiity, ror eny
obligatior whstsoever; and the fact that the Govern-
ment may pave fcraisted, furnisheqd, or in amy way
suprlied tne said drswings, specifications, or other
drte Is not tc be regarded by cpiicetion or other-
wise as in any samner licersing the holder or any
other persoa or corporation, or conveying any rights
or perxission to merufacture, use or sell eny
patented inventicn that may in any way be relsted
thersto.




MCL - 340/1+2

TECHNICAL DOCUMENTS LIAISON OFFICE
UNEDITED ROUGH DRAFT TRANSLATION

258803'

XEROX

COBROSICE RESISTANT TITANIUN 4HD TIPS ALLOYS

3Y: 1i. I. Zorrilowv

Znglish -?ages: 19

SOY2CEB: Xnimicteskaya Zauka i Prcsyshlennos:, Vol. 3,
Y¥o. 6, 1958, pp. 803-807.

cainwep 8Y ASTIA

AS AD No.

/7575

THIS THARSLATION HAS REFN PREPARED IN THIS MANKER

T PEOVIDE THL RFCUESTERNSER WITH INFORMATION I8 PHLPARDD BY:

THE SHOXTEST PCSNFLE TR, FURTHER EDITING Wl

KT HE ACCOUPLIGHED QY THE PREPARING AGINCY - TEODOCAL DOCIRGIIT 150K OFT ICL
LESS FULLY JUSTIFIED IN WRITING TN THI. OHELF, TECH- ; o&£L5D

SESAL DO TN T LIARCA (98 30T, LT, TTVATER, Cv50 l TR-AFTP, Q1D

[Em—— - —

2l - 4_149/14:2__ I}:ue_f'i 2ar, 19 €1




N -
e it - e 4 Sttt 0 g

CORROSIOF-RESISTART TITARIUN AXD ITS ALIOYS
by
I. I. Xornilov

In addition to the widely known metals (c-opper, silver, nickel andé cobait,
platirnuz, palladium eic) relatively new zetals (titani-tm, zirconiuz, vanadium,
niobium etc) in recent years began acquiring greater importance as corrcsior
resistant zaterials,

The relatively greater availability ir nature of titanium and its analogue
zirconiuz and the high phys-ckexz. properties of these nmetals created favoratle
conditions for the develorment of methods for their obtainment ir pure form.
Perspectives appeared for the development of their industrial manufasture and
application 1, 2.

In the nearest future tae fields of application of Titanium wil® expand
consicderable. The last decade has seen greater successes in the zmanufacture
of metallic Ti in the US4, England, Japan and other countries. 1In the US4,
for exarple, in 1948 were obtained 3 toms of Ti, by 1957 the industrial capa-
city cof titaniun plants reached 27000 {cubic tons). The USSR zlso adopted and
is successiuily developing tke industrial =manmuacture of metallic titaniuxz,

Tone growth of the manufacture of mstallic titanium in the USA is irncdica-
ted by the following arnuzl data: ) -
Jears . . . . 1942 1949 1950 1951 1952 1953 1954 1555 195€ 1957
Pone L, , ? . 3 8 50 500 1200 2250 7000 B80D0 16000 27000

In recent years tne productive capacity of the titanium industry in
v2~ious countries bas irncreased considerably. There are available data on
the volude of titaniuz sanufacturer in 1957, in Japan {2441 %), in Zngland
{(ap 20 2000 ¢) in Prance (up to 1000 ¢). TShere are indications that the total

voluze of world output of Ti in 1960 (without counting the USSR) will reach

_¥C1-140/1+2 1
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100000 tors.

Tn spite of the gréater izportznce of titaniuz in various branckes of
technology ctiefly zs a corrosion resistant material) i+ is still not in broad
€emand (it still does not find a broad market} because of the kigh pries. 2
know¥n hirnarance is also the fact tkat fer z:ans- ioportant fields of appiication
pure titanium does not possess sufficient strergtih.

Keeded azre high-strength titanium alloys mhich as yet have not sufficient-
1y develored and utilized. Tnis partially explains why the titanium plants in
the TSA presertly manufacture only 20 — 25% of the total productive capacity.

The composition of metallic titanjum obtained by wvarious methods is
described in {able i.

Tne propertiss oif metallic titanium are detercined in relation to tkhe
degree of purity. Particularly sensitive to oxygen, niirogen and bydrogen
adzirtures are the mechanical properties. Trese adoirtures cozbineé wath
titaniun have a2 terderncy of foraming ioplantation type solid solutions and are
very difficult to separate (Temove) from it; they sharply increase the hard—
nec<s, tizzte strength and considerabiy recduce the plastic properties of
zetallic titanium (table 2).

Tne most plastic (ductile) and the leasi sirong appears to be the titar-

iuzo ovtainable by tte iodide method or secondary purificatiorn.

Corrcsion Zcsistance «f “itanium

Pure t;ta.::iu: tel.ags to chezmically active oetals. Tae resistance of
the =etal to corrosinn in an agueous zediuz is conrected with the electrode
poten‘.iai originating between the submerged metal and the standard bydrogen
element.

A study of the corrosion properties of titanium in diluted sodium chloride

solutio::53 3stabvlisted a very interesting characteristic. Pitarniuz with a
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fresnly clezrned surface irzediztely after plunging into a similar scliution has

-
-

a negative potential, which in tkhe initial stage reaczes 0.27 v.

Wita such a potentiail titaniuxr would Te exposed o rapid corrosion. Zow-
ever the slectrode potentizl of tie titanium in this zedium i.creases with tize
in the presence of free oxyger access rescking a2 positive value of ur to 0.40,
0.46 v. 1In this respect Ti appears to be an aniogue of Cr in which the elec-
trode potential of pure Ti in various conditions of its surface in relation
to the time of subzersior and soaking in a 3-% sodiur chloride solutic. at
25° is presented in Figure 13. FPor 211 surface coacitions Ti with tize acquires
2 positive electrode potential. As the value of the potential increases the

t2e titaniua acquires passivity and becoms particularly statle against corrosion.
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Figure 1 - Change in Zlectroce Potertial of 23 in Relation to
the Tize of Subzersion in xn lerated 1%¥aCl Solu-
P

tiorn at &5°:

1 - Frestliy polisicid., < - polisked zud soaked at room temperalure;
3 ~ polished and z:xt2d in the air at 123°. a - electrode potentialj
T - time of soaXing ia datd.
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resistance of stzirn:ess steel and cany oiker z2i2ls and alloys. Tze righ
corrosion resistance of the okonmically active titaniux is expiairneéd ©y the forz

forzation on its surface of a thin oxide filmz, wxhich as result of greater

censity and homogeneity protects the metal against further reaction with tne

YCIm140/1+2 4
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Fron this point of view it can be said that titanium appears %o de stadle
in these media whicz not oanly destroy the protective film on its surface buz
promote its forzation.

Pitanium Is stable against nitric acid (not “u...xc), nitrohydrockloric
acid, ito tydrochloric-mitric acid mixture (at room texperature ), acetic acid,
lactic zcid, ayd-ogen sulfide, €ry and moist ckhloric atmospl:ei‘e and against
many otkher media aggressive for ordinary metals.

4 destructive effect on metallic Ti is produced by a nuxber of =ineral
and organic 2cids: hydrofluoric, ayirochloric (concentrated), sulfuric and
ortzophosphoric acids; oxalic, formic {during boiling), irichloroacetic and
trifivoroacetic acids, The aggressive medium for Ti appears to bte also aluninum
chioride, sodium peroxide, fiuorire compourds, mixtures of chloride ard fluor-
ide salts of alkali zetals etc.

It can de said, however, that the nurber of aggressive medfa relative to

titaniva is consideratly sxzaller than the nuaber of ck °znca"ly active sub-
stances in contact witkh which it demonsirates hign stadility.

In recert years appeared new raporin 5 — 12 devoted to the study of tae
corrosion characteristics of Ti in various media, inciuding problems of its
oxidation upcz he-ating. Tne autzors describe the corrosion rezistance ¢f Ti
in a2cids, alxalies, various salt solutiors, sea and river water as well as a
cosparative investigation of the coxrosion resistance of Ti, Zr ard stainless

teel in various organic media 5.€. For the purpose of experimcntation they

(i

used Ti of fae following couzposition: C 0.03 - C.04%, 52 - 0,05 - 0.G€%, o, ~
0.i0 - 071571 and, according to speciral analysis data, Fe not zore than 0.10%,
Yg, Cr, P5, In, Cu cf frox 0.005 to 0.05%. Such a metal ia the form cf tadlets
was obiained ty the powder metallurgy {cerace:) methoi by sintering and subse--

guant 5ot Tolling, Th= experizents conducted for the purpoge of determining

tze corrosion characteristics of Ti, ottained Ty the powiaer metallurgy metkod
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ané by tkze szelting zethod, skowed practically icdeniical crharacteristics. The
autzors; naving investigated Ti in {ormic, acetic, lactic, oxalic and otkzer
a2cid media, established that it is stable in air saturated formic, lactic and

otaer acids in all concentrations, but corrodes intensively in boiling 507

solution of formic a2cid.

Consideratle corrosion is otcsexrveé in tifaniur in boilsng citric acid snd

iso in a2 diluted oxalic acid solution in spite of the Tact that stzinless
nteel experiences in it lesser corrosion and zirconium even lesser than that.
Very aigh stadility was demonsirated by Ti ané Zr when subjected to arniiine
hydrochloride, chloroform, tritetraethylere chloride, tetrachloroethane ané
sther media 6.

The report devoted to the formation of a protective film on Ti during its
exposure 1o hydrcchloric acid sszowed 7 that during the submersion of Ti in
zydrochloric acié is forzed a protective film. A denmser and stronger film is

in diluted 2:id solutions. It was establisted by the elecironographic
that tze protective filz in the given case consists of teir-titaniux
disappears easily upor heating the metal in vacuo, after whick
the surface of tZe titanium again becores aciive.

The report 8, devoied to the application of 7Ti ard other allioys in various
aggressive media, siates that the corrosion resistance of titanium in chlorize,
chioride solutions, in diluted hydrcchloric acid solutions is considerably
zigrer tharn tzat of Cr-Xi-stainless sieel type 18-8.

Te pf%ole:s of oxidation of pure titaniuxz and the cechanisz of its
oxidation during neating are ciscussed in reporis 9 - i2, pudl:isheé in recent
The effect of oxyger oa titanium up to 300° and over and the relatad
formation of varying in mature and oxygen saturated titaniuz layers
are discussed., Tae processes of forzation of oxide layers ara subject to

lggaritzzic asi paravolic eguations.

_iCi~rz0/242




ATter lasting oxidation of Ti at ieoperaturss of o

ze aut2or, one szoull expect cracking of trze skin of

zethods of electron diffraction of resistance

investi

Ll RS 3 1+
0L ‘livanium wers

It was found that trhe siz2bility of Ti

>

ol an oxide Tilx consisting of

rutila (i )

surlace

witn tze dasic cetal on account of

i1 investigated the forza*ion ¢ the oxide film

the oxidatiorn of Ti in an at

was “ound trhat

is i2in and sclid, and the filx odbtained at high tempera

taick ani porous. At such ronditiomns of oxid

protective prozertiss,

Tae report 12 devoied to ‘e study titaniun

:3cribes the study ol tne oxidation process of ihe

senperature. T2e range oi texperatures

T %1 used for this purposs was 96 - 985

ion was deftermined

tize one nour. The scale obiained

the szcondary valence eleciroas.
in

zosphere of pure oxygen at 600 - 925°, Ii

oxiiation at
=2tal in water vapors
was 700 - 2
(2dmixture not

oy the method of overweizhi

and corrosion rasisiance

is explained by the Jormaticu on

wiih solid ctesion
e
tke fora of rutiie

+

the oxide filxm obtained at low itemperatures {up io 200 - 400°)
tures (above 650°) is

ticn the oxide filzs lose tmeir

1iga
in

<ne con—-

jndicated). Thae

in dependence Iroz=

& after {the oxidation

£ the ritaniuar

2

e 2ir and in water vapors {iu wg/fca -

o, * e
texgeraiure,

vapors

as s
-38 axiTr

iflererce, at nigh rate of Toiz

T5e extent ani as

study ol tLe nature of oxifes showe2 thatl

- - /.
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the oxidation

s at 1000° and

oxication processes.

intensitly becozes alzast un

texperatures



Texzpersturs

.

Atzosgphere

00 1380

5.4 1 13.8

Tater vapor 13.2 . 21.8
e :

in wzter vapors, tze scale consisis only of Ti0,, and in an air aimosphere in

2

the scale are forzed ail three titanimm ox:des: Tioz, "1'1203and TiQ in the

outer, cenirai ané internal layers of ihe scale respectively.

n witk the corrosion resistazce of titaniur in various
ctteniion should be called Zo a2 very importiant circumstance connected
explosive properiies of tif nium. Tais property is possessed zlso by
titaninn znalogue -~ zirconium. The explosive tendency of pulverulent
Zr is discussed in report 13. It is noted tzat the spontareous combust
texperature of a 6ry Ti-powder variss frox 300 to £00°,

Titaniuz powier, stonge, Gusi, shaving can ignite easiiy from a2 spart or

A great infiuence on the acceleration of the process of spon-

coapustion 2nd axplosion is exeried by moisture. That is why titaniuz

powder should be siored withou! any traces and access of moisture, best ol all

in utral aszospiere ze2iiux or cartoen dioxide

arson,
expiosion of zreatcr force), Iner: gases for puit ~fire are used
tZe zccess of Zree 2ixr is ? The extinguishing
one by covering the flzze and 22 space arpound tkze durning
¥ind of éry powder {caiciuxz
anoikher characteristic of titan
during its lasting con:

o
(%4




Suer explosions are due o processes leall

rezction. They can take place under tte following condi
interral stresses in titani rexzove the proteciive oxils

-sd

tie surlace;
all oxides wiigh zay

%) penetraticn into tke sxzall

pri—

13

tegin acting catalyticaliy
3} tze presence of <
uch explosions shows the presance of leocal

tie absence of phase in otzer points.

tZesa phenozena are carried out in

the siudies of
protective zsartitions.

Deriains only to pure =etals., Taese

zsnomena are not cotserved in zetal alloys prepared on the base of these pure

sShown, titan

~rnatest of admaxituras aven

ese cireuczscances prozpied
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titzaiun 2lloys 24-18 discuss iz2 tTotlex=s ol the

= reaction of =zetzlis witkz ithe elisxnents ol take perisdic system. It is shown that
1.2 neture of tae r2action isc determized Ty L2 orientation of ize elexents in
s the T, I. Yendeleyev's periodic sgrctzm =ith respact to the titaniuxm i18. Lita
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cozplex titaniuz systexs. Tmey stould serve as the scientific
B Tasis In the Jevaiopzment of new titaniux a2lioys of practiczl appiication.
Zack zetal, us2i Jor tie da2velozzent ¢ new allioys, can serve ac an 2I-
— Y

a=pla to prove that tiZere are ImpoTiant systexs datermining ae tawlo SOnzoSi-

tions of zlicys of iieose =etals, 3Suck syrsiexss can e calles basic =eialiile

systexs cerving a2t basis for many a2lloy coxpositions.




. In tais respect titaniun shouléd have a nuudar of dasic systens o2 the

Py -~ =

: dasis of which are developed investigations for ihe purpose of Iinding new
titaniu= 2lloys. Suzch systex=s incliude cozbirations of titariuz with izpoxiant
elexents foroing with it continuous or limited solid solutioms or high-melting

- coxzpounds. The nusbar of these basic sysite=s shouié include titanita~zircon-
ium 17, titanium-rluainen 18, titanizz-tin and so on.

e idea ol sirengtiening zetals at the expense of taeir culticoxzponent
s0lié solutions 20 for *the purpose of develoring nrew high-sirengiih titaniua
alloys led %o a decisicn of sizultaneccs alloying tke solid <Ti solution
with alzzinum, chronium, silicon, iron, boron stc. The selection of coacen-
trations of these elements was determined by their maximm sclubility in
horoiogous binary titanium sysiexs., In seiectirng the co=ponents consideratica
was also given to the availadility ard noravailatility of tke alloying elezerts.
As is krown, the s2lected elexmants - 31, Cr, Fe and Si appear %o be available
and noi ‘oo costiy.

In this wey a six-cozpoznent solid solution of -titanium with alu=zinusz,
chromiuz, silicon, iron and boron was selected as the base for new heat-resis-
tant titaniuc alloys. The tireshoid concentrations of these eiexenis were
c2lculated in such a way as to have the six-component alpha-solid solutiom of
titaniu= as the base Jor the rew alloys. Tte conseguent investigation of tze
erfect of 1), Cr and other elexents on the limit of disirivution of sclid solu- .
tions inp this coxzplex systes ani on the chauge of properties of thesc so0lid
soiuiions, gs:a‘alisheé the optizux comgpssitions of a nuxber of new compounis

¥hick are of practical interest.

- vz o pms -
wew Zizh Srrenxyth Titanium 3llioy

rizental :investigations led to the development of new
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2igzestrengta ¢itaniuc alloys witk high ultizatle sirengti vaiues at rooxl and
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nigrer tezperatures o tp o £00 ~ £50°, mam 4 descrites the basic charac-
terisiics of tzese ailoys, Figure 2 and 3 show curves Jor tze ultizeze

strenzi: and bexrcertazge elonzation of rapiuve and in zelation to texperature
for new experizental titanius alioys. TRese alloys were nazed T-3, T4, -5,

-0, T-9 ani =10, The obiaim=ent of ike listed alloys was developed by the

z2trol of arc-smelting.

L Grston | ¢ ]
e —t—; 3 i <
N
e 1,1

1
t >
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Figure 2 - Tltimate sirenzth of Zaw Fign-Strength Pitaniuz Alloys
in 2elation to Texperature. .

2 - =agnesius therzal; b - iodide.

Te2 niga (ultimate) strenczi:n droperties considerably exceeds shc strength
ol 4, aluzinmus alloys, zany alloyei =-3 stainless steels, TRe plastic
{ézetile) rrozesties of iie mex alloys are sufficient for <hair application
in t22 Tole of structural materials for various odjects.

9

The corrosion progarties of titaniun alloys have been investigated in
sufficiensly 2, “here aze only several Teports davcied io problems of cor-
rosion of I ard its dase alloys and anotzer ona ~ 20 <he oridation resissianse
of tizaniu~=®asc 21lsys, wxe coTrosion resistance of titanium and its alioys
T2 Investizazed in various czsxzical zadia, tte ckawzes in the Di-potential

in various solusicns were Geter=inas and 4na zechanisz of for=ation ani ik
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DI 3

coxzosition of ke proteciive films vere investizzted. During tze siuly of
tte cihange in the potentiz2l of T3, first passivated in water, repezted passiva-

ticn was revealed in 2 2%-solution.
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Figara 3 - Pexcentzge of Zlongation of Zupiure of Ser Tighe

Strength 2i- Ilcys in 2elation to Temperaturs.
a -~ z2ionzziion per unit lenzih.

Tae filo formed during repeated passivation, during keating tc 3i00°,

(L

rexains in tact, while tke privary il forced in an air-saturated 0,013

Zali-solution disintegrates upoxn zeating to 40°,

lectron-diffraction situly cf the cozpositioas {constitutions) of tze
=S5 showed ihat while tic sccondary filrm contained
titanium hydride (TiZ,) plus otzer sitaniu= cozpounds, apparenily Ti0, the
prizary f£iln consisis orly of '.iE?. T2 effect ol wvarious elexents on tke
corrosion resistanca of T was also invesiizated, LA subslantial ccerrssion
resistance o Ti in sulfuric, hyirecaloric, phocploric zcids is obserxved
during the 2lloying of 71 withk 30% molytiezum. Titaniux alloys of tzis series
Taexn exposed o tie =entioned zcids possess greater stability <han the well
Irown nickel/zolrdlenum 2lloy of ke Zastelloy tyve.

The coxidizadsi

ed
e

1y ef zinary 2i=Cr, Pi=A1 ang “i-32 2llgoys Tos investizzted

2l 300 - S00°. TRe imvestigatios resulls showed tiat the Ti-Ze alloys cazgn-

{
t
he




Figure & - 2zte ol Cxidation zt 7CC2° of = six-co=noreat titaniun
allcy T-4 in welatinn tc the Si-content:

-

25 zours; 2 -~ wit

4 - within 100 Zours.

zir 50 rours;

1 - witkin

3 ~ witkin 7% hours:
a -~ gverTeig:t,

sirated mzxizus oxisation resistance, 2t 700 anéd SC0° the cxidation curves

{after c2enge in weizht) for tze Ti-Be alloys kave a paratolic characier and

with the iIrcrease in ize conitent io0 €2 4re rate of oxildatiom decrezses consider-

adly. 2i-Cr z21lloys (&> to 25%; show 2 drop iz their oxidation resistange ai_

70D - 800°. illoys =itk 20 a2ni 25% of

than pure titanmiu=, Tte adlitiocz of i1 2o L also reduces the oxidation resis-

Cr zave a sozemhat LZigher resistance

tzmee of T 2t S00°. =ut at TO00” with an increase in the il-content iis sto-

2iiity increzses. The oxicdation resist

- . e
incrazsing tte Al-conitexnt o 13%., aAcco

zuce ot 700° imereases espacially uron

T3ing to oikter :-Jorzation, maximzux

zZ > ~ - - -
oxidztioxn r¥sistance up to 1100 - 11350° is dexonctrated by Ta-i1 alloys

correszeniing to the Tieil cozpound and according 1o tke structural diasram

of 4zis sysiex  in tie zone of the gzvma-phase within the corpesition limits

v = o e
cf ooz 37 = 42 o il

Toe seriss of sive-ccozornent exparinertal titaniuz 2%

te fatermine the effect of 21 axi S: oz

Ll LIS T o 2 -
.4-.."-—0/.‘.?: a

the Zeat vesistzre
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cxidztioz vzs imvestigatel a2t T00° Ty the method of overweizght on cylincricul

szxsies; Suration of the exgerizexnt 102 mrs.

Th:e resuiis obiazined by stulying Ty the overveight metxzsd made it jossitie
to sziculate the rate ci oxwidation ol the zlloys in Telation to ihe variatle
contors ef 23 ranzing from £ to 12% and Si fro= © 20 1.5%.

In oropotion %o iz Increase in tie aluninum contant the rate of 2lloy
oxisation a2t fizet (up to 3 - 4%£) increzses, and ztove 4% i: decreases s=oothly
and tzZe rmizizu= rate corresponis 10 a six-cooponent alloy with 12F A1,

he effect of Si n= rate of oxidaticn of & six-coxzponent alloy was fourd

to te different frsz tke effect of 21, Tie five-cozponer: 2lloy P-4 (without

Si) 3a2s a hig: rate of oxidziion. Az addition of up %o 0.25% of Si sharply

recuces tze raze of datior of t2is 2iloy; a furthar rise In tze S5i ceontent
4o 1.5% lecds 4o z slizht chznce ir the rzte of oxidation {see Fisu—e 2}, 71

car Se gorciuded {roxm these daziz taat aluminum as rell as silicon co exert an

influence oz the increacse in oxidetiocn resistance of tze six-comzonent T=4

Ditomium and its alloys fizd drozf apriication in various branctes cf
t2chnology.e Txmey Jind zayicum use in zviaticn and in rocket tecamology. In
taese Tields the cox=binaticn of zigh strergih and szall specific weight is of
specinl icporionce., According to the raport of the representative of the Znplisk
Coopary "Imperial Chexical Infusiries” about G607 of the titanium produced in
Zngiani goes JoT aviation, The titanium witz tice will prove to e the ire
replaceatic =zterizl for satellites znd ioker cos=:c devizes,

Z2iznius finds consideraiie appliczation in nzval shiptuilding, Thonks ¢

its nigZz corrosion recistance in sea water %iianium and its 2llorys zre of




e Y- § SR g

greatsr Yeluz for tte skealzing ol szips, sudzarines, torpedoes ari for othar

Durrosas in zea itransroriztion.

rcad application alsc in oiker
Irarcies of irdustcr., T2iS poc..ains Tirst of =il 1o the chermical industiry
=Z:Te lke use of itizfnium and its 21loys as high-sirength and corrosion resis-
.-t =ztlerizls kas Zreater perspeciives.

Titaniuzm zmd its zllojs are used in the =enufectize of varicos compo-~s--is
ol chexiczl zachipes, which are exzosed ‘o the effecis of acgressive zedi-
{zizes, Titis £3, valves, vents, scroens, different parts of pupsS, eic).

A grezler npusber of tZe parts is merufectured frcxm pure P because in :any

appears to e ore corrosion-rasistant than its alloys ané further-

a
3
vh
:
[+
(4]
(20
L1

ore, Irem iYL, it is easier to c—s¥e many objects by warious types of =ackinins

ané weiding thzn fro= its zilors.

Titanium is used for dlades an€ housings of centrifugal purps used for 4.

Ju=ping of various orgenic zcids, crlorif:s, 3.55% hydroshloric acié soluticn

ané dxy chiorins, In tZese objects titamius <au operate for several yezrs,

w2ile ine Hi-Cr-lZo-alloys previously used for sush purposes had 2 service life

o8 less than cnme2 Fear.

P

igz steax and Jiiuted ayirocrloric zcid
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veiccizies, cax witistand the lozi for core than 2.5 years without any notice-

22iz izzges of corrosion wiile case iron injectors were deing put cut of cox-

itaniuz valves are used for inmtake pipes furnctioming for tze feed-
< te m s - é

ing ol a2zgressive liguids umder = pressuse of up ¢c 2 kg/f=m . ey operazte

for zcre than 1880 hours without Teplacexzent. Yalves =tmdje cf sta2inless steel

z2d 20 Te rezlaced after 70 Los of operastion. In shis Tayy titanmiuz valves

2re zimast ZD $irmes Zors Susable thar stainiess ceeel valves.
oI-i25/1-2 37
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ium szegts, wizkin cne year szoZel no noticeadle corrosion, while Ni-Ix-ib

z1lcys ozerxoiing under sinilzr cerndiliorns reguired replacexeni zlier Jive aours

Pitazivo wire screans dossess nigz corrosion resisiance. . TTey are exploy-

€S in ihe role o Jillers Zoxr tze Tiiferirg of calcium hypoczlorite crysials
5 37 -~ 3 v 3 EY -~ - 2
in tzZg presemca of =cist czlorire at a pressure of up %o 2.5 kz/m .

Titaniu- anf iz zlloys are of greater importanccs in ire zzmulacture of

[1J

Zigh spzed uiltrecenirifuses waere 2 reduction in the -apidély rotating x=ass is
Figes =zdz o7 tilanium and Itz alloys are used in the role of heat ex-
changers for tiZe 21Iz:illatlioz of ziftric =cid vapors and for other purposes.
Zecause of the cdxnger of expios.or of fitaniu= in nitric acidé it is advisable
to use 2iloys o i:tanivx withk zlu-inue,

Yarious odjzeis z—ade Troz pure titaniuz ané certzin alloys czn te zanu~

Tactured Ty rolling, rrccosing and cther means of zeckanical mackining, intri-

cate paris san also e manufactured . s=sting or dy tte pozder retalliurgy

retzel. .

Tezse ezantles are far fron safficient in Jessribving the fielés of appij-
cation ol Ti znd its alloys in the ckexical indusizy., Secsuse of the scant
Znswiedge —egariing itLe corrosion resistance of titanium 2lloys 3% js difficult

Zo Doreses the zer.zootives for thelir utilization in fhe role of cosrosion-

resisiznt =2tesials, =nlll are wzsted zvay in the different coxposition of i
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